INTRODUCTION www.food.actapol.net/ The biochemical components, namely enzymes are closely related to the nutritional content and honey freshness. Even though enzymes are present in minute amount, they have signifi cant effect on the quality of honey. This is because enzymes would signifi cantly affect the protein content, free amino acid profi le and acidity of honey samples. Mostly, enzymes found in honey samples are secreted from bee salivary, namely oxidases, catalases and amylases [Gheldof et al. 2002] . These enzymes would break down complex sugars into simple sugars such as fructose and glucose. The simple sugars might also be further catalysed into alcohol and acetic acid under an appropriate amount of moisture content at the right temperature condition because of fermentation. Besides affecting the pH value, the activity of enzymes might change the fl avour and aroma of honey after fermentation. Of the amino acids, proline has been reported as the most abundant amino acid in honey samples [Rebane and Herodes 2008] . It was proved from the analysis of sugar-fed honey that proline came from the salivary secretion of honey bees during nectar conversion [Iglesias et al. 2004] .
Since enzymes are present in trace amount, many studies are likely to focus on sugar composition for the determination of honey origin [Da Costa Leite et al. 2000 , Mateo and Bosch-Reig 1997 , Weston and Brocklebank 1999 . Besides as macronutrient, the composition of monosaccharides and disaccharides, and their ratios could be used to determine the degree of honey maturity. Usually, ripen honey samples have lower disaccharides such as sucrose and maltose content than those from honey harvested at an earlier stage. This is because most of disaccharides have been converted into monosaccharides by the action of enzymes. Hence, the predominant sugars and their ratios are crucial parameters for honey characterisation.
In the present study, the biochemical and nutritional components of honey samples were investigated for better understanding of the relationship between both components. The chromatographic profi les of sugars and amino acids in the honey samples were also determined and clustered based on the statistical pattern recognition tool such as unsupervised multivariate analysis. The results of experimental data have statistically explained the strong relationship between biochemical and nutritional components.
The ratio of sucrose to maltose could be used to measure honey maturity, whereas proline was the marker compound used to distinguish honey between fl oral and honeydew.
MATERIAL AND METHODS

Honey samples
A number of six honey samples were collected from different locations in the West Coast of Peninsular Malaysia. They were tualang (T, Koompassia excels), gelam (G, Melaleuca cajuputi), acacia (A, Acacia mangium) and three types of forest honey samples (F-NS, F-M1 and F-M2). F-NS and F-M1 were harvested from the bee hives located at rubber tree (Hevea brasiliensis) and oil palm (Elaeis oleifera) plantation, respectively, whereas F-M2 was harvested from the bee hive located at the jungle area. Tualang and gelam honey belong to fl oral honey and the rest were honeydew honey. They were harvested between the months of April and May 2011 from their honey combs hanging on the tree branches. They were stored in amber glass bottles at 20°C before analysis.
Proximate analysis
Proximate analysis was carried out on the honey samples. The proximate content, namely protein, fat, dietary fi ber, carbohydrate, water and ash were determined based on the offi cial analysis methods from Association of Offi cial Analytical Chemists (AOAC). All experiments were carried out in triplicate.
The protein content was determined by Kjeldahl method based on the total nitrogen content from the AOAC Offi cial Method 991.20, 2005. The fat content was determined by using acid hydrolysis method based on the AOAC Offi cial Method 14. 019, 1984 [Charrondiere et al. 2004 ]. The energy values for the honey samples were calculated by using constant energy factors, namely 38 kJ/g (9 kcal/g) for fat, and 17 kJ/g (4 kcal/g) for both protein and carbohydrate on a dry weight basis (Equation 2) [Charrondiere et al. 2004] .
Total carbohydrate (g/100 g) = 100 --(water + ash + protein + fat + dietary fi ber)
Energy (kcal/g) = 9 (fat) + 4 (protein) + + 4 (carbohydrate)
Glucose oxidase activity with peroxide test The activity of glucose oxidase in honey samples was screened for peroxide accumulation using Merckoquant test strip (no. 10011) from Merck, Germany as described by Kerkvliet [1996] . Results are expressed in milligram of hydrogen peroxide accumulation in a liter of sample solution for an hour at 20°C.
Diastase activity with Phadebas method
The diastase activity (DN) of honey samples was determined by using an insoluble blue dyed crosslinked type of starch as the substrate [Bogdanov 2009 , Bogdanov et al. 1997 . The substrate was hydrolyzed by the enzyme to produce blue water-soluble fragments and detected photometrically at 620 nm under the stipulated reaction conditions. The absorbance of the solution is directly proportional to the diastatic activity of honey samples as presented in Equation 3. Results are the mean value of triplicate data that expressed in diastase units per gram of honey sample.
Sugar analysis by HPLC-RI The major sugar content of honey samples such as fructose, glucose, sucrose (α-D-glucopyranosyl b-D--fructofuranoside) and maltose (α-D-glucopyranosyl (1-4) D-glucopyranose) were analysed by using a HPLC system coupled to a refractive index detector (Jasco, Easton, US). A XBridge TM amide column with the dimension of 3.5 μm, 4.6 × 150 mm was used for the separation. The column was kept at 25°C throughout the analysis. The mobile phase was 75% acetonitrile in deionized water with an isocratic fl ow rate of 2 ml/min. Honey samples (0.5 g) were dissolved in deionized water and vortexed vigorously before fi ltered for injection. The injection volume was 20 μl. The standard sugar solutions which consisted of a mixture of fructose, glucose, sucrose and maltose were prepared at different concentrations ranging from 5 to 20 g/kg for calibration curve construction.
Amino acid analysis by HPLC-PDA
The amino acid profi le of honey samples was determined by using a reserved phase HPLC (Waters 600, Massachusetts, USA) connected with a PDA detector (Waters 996, Massachusetts, USA). A mixture of sixteen amino acid hydrolysate Standard H (Waters AccQ.Tag) was used to build the calibration curve for each amino acid ranging from 20 to 100 pmol/μl. A vacuum dried sample aliquot (0.25 mg) was hydrolysed by hydrochloric acid (5 ml, 6 N) by constant boiling at 110°C. After hydrolysis, the solution was topped up to 100 ml. A 10 μl of the sample solution was then derivatized by a reconstituted AccQ.Fluor Reagent (90 μl) in AccQ. Fluor Borate Buffer on a hot plate at 55°C for 10 min. The amine derivatizing reagent (AccQ.Fluor Reagent), 6-aminoquinolyl-N-hydrozysuccinimidyl activated heterocyclic carbamate was used specifi cally for both primary and secondary amino acids analysis.
The column was Nova-Pak C18 (3.9 × 150 mm, 4 μm) and maintained at 37°C during separation. The mobile phases consisted of acetate-phosphate aqueous buffer (A) and 60% acetonitrile (B). The gradient of the mobile phases as follow; 100-67% A in 33 min; 67-0% in 1 min; 100% B for 3 min and equilibrate the column in 100% A for 8 min. The total run time was 45 min with a fl ow rate of 1 ml/min. Sample injection volume was 10 μl.
Statistical analysis
All data were subjected to statistical and chemometrical analysis. Unsupervised multivariate analytical tools such as principle component analysis (MarkerView 1.1) and cluster analysis (R version 2.11.1) have been used to classify honey samples based on their sugar and free amino acid compositions.
RESULTS AND DISCUSSION
Proximate analysis of honey samples
Proximate analysis is usually carried out to determine the nutritional values of foods and food based products. The nutrient content is essential not only for health promotion, but also for metabolic energy. The results of proximate analysis for all honey samples are presented in Table 1 . The pH of honey samples was in the narrow range between 3.21 and 3.50. The pH values were in accordance with the acceptable range from 3.0 to 4.3 for honey as reported by Bogdanov 1999. It was found that the honey samples would be prone to granulation because of high moisture content (> 20%) [Rodriguez et al. 2004] . Somehow, the moisture content of tualang, gelam and acacia honey were lower than the forest honey samples. The lower moisture percent has contributed to the higher carbohydrate values of tualang, gelam and acacia honey samples, since the other chemical compositions such as ash, protein, fat and dietary fi ber of all honey samples were not signifi cantly different (Equation 3). It is clear that carbohydrates in all honey samples belong to available carbohydrates because unavailable carbohydrates are considered as dietary fi ber [Charrondiere et al. 2004] . Therefore, the energy values for tualang, gelam and acacia honey are relatively higher than the forest honey samples. The energy value is mainly attributed by the high sugar content of honey samples.
The protein value was calculated based on the total nitrogen content multiplied by the conversion factor of 6.25 [Charrondiere et al. 2004] . All honey samples were considered to be genuine because their total nitrogen contents were more than 50 mg per 100 g of honey, which exceeded the limit of 30 mg per 100 g of honey [Rodriguez et al. 2004] .
Enzyme activity of honey
Honey contains various types of enzymes, mostly secreted from bee salivary. Glucose oxidases and diastases are two of the enzymes that commonly found in honey samples. They might be antioxidants that effectively contribute to the antimicrobial property of honey. The presence of the enzymes could indicate the geographical and botanical origin of honey, as well as could be an indicator for the freshness of honey [Alvarez-Suarez et al. 2010] . The activity of the enzymes could also be a measure of honey exposure to heat during processing and storage.
The presence of glucose oxidase could be predicted from peroxide test. The peroxide test estimated that only F-NS (5.73 mg/L/hour) and F-M2 (1.65 mg/L/ hour) exhibited the peroxide activity. The rest of the honey samples might contain oxidases lower than 0.5 mg/L/hour which could not be detected by the Merckoquant test strip.
The diastase activity measured the combined activities of both α-amylases and b-amylases which were secreted from bee salivary [Vit and Pulcini 1996] . The results found that the diastase activities of all honey samples ranged from 0.04 to 1.48, which was far lower than the minimum value of 8 set by Codex Alimentarius [2001] . A unit of diastase explains the enzyme activity of one gram of honey required to hydrolyze 0.01 g of starch in an hour at 40°C [Bogdanov 2009 ]. The diastase activity was varied and did not have signifi cant trend in accordance with the type of honey samples. F-M2 has the highest diastase activity (1.48 DN) and closely followed by tualang honey (1.23 DN). The diastase activities for the rest of honey samples were less than 1 DN. From the table of correlation matrix (Table 2) , the peroxide activity was positively well correlated with moisture content (correlation coeffi cient, r = 0.8264), but negatively correlated with carbohydrate (r = -0.7755) and energy values (r = -0.7747). The linear relationship between peroxide activity and moisture content indicated that oxidases require moisture for the expression of the enzyme activity. As discussed in previous subsection, the higher moisture content, the lower carbohydrate and energy values would be. This explains the negative correlation between peroxide activity and carbohydrate content.
Chromatographic sugar composition of honey samples
The chromatographic sugar analysis confi rmed that the honey samples consisted mostly of monosaccharides such as fructose (35.79-44.91%) and glucose (44.64-50.45%), and followed by disaccharides such as sucrose (0.02-6.09%) and maltose (0.88-11.69%) as presented in Table 3 .
The ratios of fructose to glucose (F/G) and sucrose to maltose (S/M) were in the range of 0.75-0.89 and 0.01-17.14, respectively. In contradiction with the previous study, the ratio of F/G for all honey samples in this study was less than one [White 1978 ]. The result was not in good agreement with the previous fi nding that the F/G ratio less than one would be adulterated honey [Auerbach and Bodlander 1976] . Interestingly, the F/G ratio might be lowered by the peculiar metabolic activity of xerotolerant yeasts which could assimilate fructose through the process of fructophily [Tilbury 1980 ]. Supposedly, the actual proportion of fructose and glucose in any particular honey depends largely on the source of nectar collected by honey bees [Anklam 1998 ]. The honey samples used in this study were from the trusted suppliers and the forest honeys were harvested with witnesses. The difference in the concentration of fructose and glucose of all honey samples was ranging from 5.40 to 11.81% (w/w). Honey crystallization could be accelerated when the glucose concentration is signifi cantly higher than fructose as glucose is less water soluble [Rodriguez et al. 2004] . The value of F/G ratio could be used as a favour indicator because fructose is much sweeter than sucrose and glucose [Kamal and Klein 2011] . Hence, gelam honey is the sweetest honey sample, followed by tualang, forest M2, acacia, forest NS and forest M1. The sweetness of the honey samples from Malaysia is lower than honey from the other countries such as Venezuela and Algeria which have higher fructose concentration. Blossom honey such as tualang and gelam honey samples contained higher fructose concentration than honeydew honey, namely forest honey samples. Therefore, this ratio was relatively higher for blossom honey samples used in this study. The total invert sugars were more than 83% for the honey samples. The glucose to water (G/W) ratio ranged from 1.03 to 1.89.
The ratio of S/M indicates that maltose has higher concentration than sucrose, except for acacia honey. This acacia honey was harvested from the bee farm before ripening for experimental purpose. The high sucrose content of acacia honey proved the incomplete conversion of sucrose into glucose and fructose by worker bees. Sucrose was digested by several enzymes secreted from the hypopharyngeal glands of worker bees to break down the glycosidic bonds into simple sugars [Crane 1979 ] with about 95% conversion [Guler et al. 2007] . Somehow, sucrose could be converted spontaneously during storage because of the presence of invertases in the honey samples. Sucrose is one of the important sugars that governed by The Council of the European Union [Council... 2002] to monitor the honey quality and adulteration. The legal limit for sucrose should be less than 5% on mass basis as stated in the Codex Alimentarius Commission [2001] . Honey that adulterated with high fructose syrup is usually high in sucrose level. Sucrose is believed to be detrimental to human health, particularly the deteriorative effects associated with aging [Chepulis et al. 2009 ]. Therefore, the sugar composition of honeys is largely dependent not only on the harvesting time, but also the climate and nectar source [Anklam 1998 ].
PCA on the composition of the predominant manosaccharides (fructose and glucose) and disaccharides (maltose and sucrose) showed that the honey samples could be distinguished into two signifi cant clusters, namely orchard and wild type honey samples in the fi rst principle component (PC1) (Fig. 1 a and b) . From the personal conversation with local professional bee hive hunters, it is known that honey is usually harvested from the matured bee hives approximately after the third week of bee hive construction. They could estimate the maturity of honey based on the shape of bee hives. According to the information given combined with experimental data, PCA on major sugar compositions could further cluster the honey samples according to the maturity of honey. It was found that acacia honey was the earliest harvest honey (a week), followed by forest M1 and M2 honey samples (about two weeks) and lastly the ripen honey samples were tualang, gelam and forest NS (about 3 weeks). In line with the PCA results, the dendrogram of cluster analysis grouped the honey samples into 3 major classes based on the maturity of honey (Fig. 1 c) . While, the dendrogram based on the sugar content of honey samples could be grouped into two signifi cant groups, namely monosaccharides (fructose and glucose), and disaccharides and their ratios (Fig. 1 d) . Sucrose was the sugar marker of honey immaturity with the eigenvalue of 0.158 in the PC1. The immaturity of honey samples could also be indicated by the high concentration of maltose with the eigenvalue of 0.695 in the second principle component (PC2). Therefore, both major disaccharides gave the highest positive score for the S/M ratio in PC1.
Amino acid composition of honey samples
There were sixteen types of amino acids had been hydrolysed and analysed by using AccQ.Tag method (Table 4 ). The results showed that acacia honey had the highest total amino acid content, followed by forest M2, gelam and forest M1. The total amino acid content was mainly contributed by proline, particularly for the honey samples of acacia, forest M1 and M2 which accounted for more than 70% in mass. In line with Baroni et al. [2009] , high values of proline are typical for honeydew honey. However, proline was not detected in forest NS and only a small amount of proline found in tualang and gelam honey samples. It is also interesting to note that phenylalanine was not detected in all honey samples. The chromatograms for amino acids analysis in all honey samples are presented in Figure 2 .
PCA had permitted a reduction of sixteen variables to four principle components for free amino acids in the honey samples. Based on the pareto scaling in PCA, it is clear that the presence of proline clustered the honey samples into two major classes. Acacia, forest M1 and M2 belong to the same class (honeydew honey) with higher similarity in amino acid profi le. Proline is likely to be the amino acid marker to differentiate them from the other class consisting of tualang, gelam and forest NS. The absence of proline in the forest NS clustered it to the fl oral honey, even though forest honey is known as a mixture of several honeydews [Bertoncelj et al. 2011] . The fi rst principle component explained for 64.9% of the total variance, mainly contributed by proline. The second and third principle components that accounted for 23.7% and 8.5% of the total variance were mainly contributed by threonine and histidine, respectively. The cumulative variance for four principle components is 99.8% which is larger than Spanish honey samples (78.25%) [Nozal et al. 2004] and Estonia honey samples (81.5%) [Rebane and Herodes 2008] .
CONCLUSION
A number of six honey samples were collected from Malaysia and analysed for their biochemical and nutritional components. The honey samples were selected for this study because tualang, gelam and acacia honey are widely consumed by local people, whereas forest honey is mostly applied by those staying in the rural area. The results found that the honey samples exhibited a signifi cant variation in the moisture, protein and carbohydrate content from proximate analysis. Both PCA and cluster analysis on the predominant sugar compositions showed that the honey samples could be grouped according to the maturity of honey. The maturity of honey samples could also be clustered based on the chromatographic free amino acid composition. Proline was the main amino acid marker (PC1) that contributed to the honey classifi cation besides threonine (PC2) and histidine (PC3). Peroxide activity was only detected in the honey samples of forest NS and M2. The peroxide activity has strong positive correlation with moisture content, but strong negative correlation with carbohydrate and energy value of honey samples. This explains the expression of peroxide activity is closely depended on the moisture content, while the moisture content will indirectly affect the carbohydrate and energy value based on proximate analysis. It is also suggested to collect more honey samples for each type of honey at different seasons in order to draw more convincing conclusion.
